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MODERN CAST IRONS IN CHEMICAL
ENGINEERING

By J. G. PEARCE, M.Sc.,, F.Inst.P., M.LEE*

INTRODUCTION

Any consideration of modern cast irons in chemical
engineering should strictly be prefaced by a definition
of cast iron and also by a definition of the chemical
industry, and neither can be put into clearly marked
categories. Metallurgically, an iron-carbon alloy is
regarded as a cast icon when its carbon content is
above about 1-89,, and as a steel when the carbon is
helow. The presence of other elements, however,
alters this figure, and some materials, such as the
high-chromium cast irons, ure truc cast irons although
their carbon content is very small.  Cast irons usually
contain free graphite, but this is not necessarily true
of the white cast irons, and graphite is occarionally
found in the stecls. A convenient definition »voids
reference to metallurgical considerations and con-
siders cast irons as irons capeble of being cast in
and with the ordinary resources of an ironfqundry.
In the present paper the steels, cast or wrought, will
not be considered. While the chemieal industry is
commonly understood to cover the manufacture of
heavy chemicals, acids, alkalis, and salts, there are
many other branches, based on chemical reactions,
such as the manufacture of dyestuffs, explosives,
fine chemicals, drugs, food, leather, glass, paper,
rayon, soap, gas, the refining of oils, the distillation
of coals, and so on, to which many of the consider-
ations now advanced will apply. Chemical enginecr-
ing is called into play when these commodities are
manufactured or treated on a large scale, and it is
under these conditions that it is necessary to consider
how to make the hest use of such n cheap and universal
material as cast iron,

MECHANICAL PROPERTIES

The chemical engineer, like the mechanical and
oleetrical  engineer, i interested in the  purely
mechanical properties of enst irons used for structural
purposes.  There has, during the past 15 years,
been marked improvesent in this respeci. In par-
ticular there hes been an improvement in soundness,
The specific strength of a casting or test bar is of
fittle avail if the continuity of the main structure ix
interrupted at critical points by gas holes, draws,
and shrinkage cavities, The greater freedom from
such defects may be attributed in part to better
melting methods, and in part to better moulding and
pouring technique. The density of the metal ix
thus more uniform. In gencral, however, defects of
this character are less damaging to mechanical than

* Director, British Cast Iron Rerearch Association,

to chemical or thermal resistance. Small blow-holes
seldom appear to reduce the mechanical strength of
test pieces, and it has been shown! that cast iron is not
only relatively very satisfactory in fatigue, having
an endurance ratio not far short of that of wrought
iron and steel, and improving markedly by under-
stressing, but is not so susceptible as they are to the
presence of notches, holes, and other effects which
normally localize and intensify stress in fatigue.
Cast irons, in fact, behave as if they possessed a
measure of ductility which is not shown by the
conventional elongation under tensile, but which
enables them to adjust themselves to stress,

Modern cast irons are also much more uniform in
structure than their predecessors. Iron will normally
take up carbon to the eutectic value of 4-3%, This
figure is lowered by the presence of other elements
normally found in cast iron, notably silicon and
phosphorus. Thus an iron containing 29%, silicon and
19/, phoaphorus will have a cutectic carbon value of
3:4%,. With the aid of silicon, which bresks down
or graphitizes the iron carbide which this carbon
normally forms, the bulk of the carbide can he
converted to iron and graphite, a process that is also
facilitated by slow cooling. The founder uses silicon,
suited to the section to be cast, to produce a grey
and machinable casting from what would otherwise
be white iron. The carbon remaining in combination
is in the form of iron carbide (cementite), existing
with iron (ferrite) as the finely laminated duplex-
structure pearlite. An iron or steel is usually fully
pearlitic with 0-99, carbon in the combined form.
Combined carbon in greater quantity exists us massive
iron carbide or cementite, which is normally un-
machinable, and arises, unless deliberately wanted,
from too low silicon or tvo rapid cooling. Conversely,
with too high silicon or too slow cooling, the pearlite
carbide breaks down to graphite and iron (ferrite).
Castings formerly tended to be mixed structures of
graphite, pearlite, and ferrite. In recent years how-
ever, by closer metallurgieal control, & more uniform
structure can he obtained, consisting of pearlite and
graphite. Fig. 1 shows the structure of an iron of
mixed ferrite and pearlite structure. Fig. 2 shows
a similar iron, all pearlitic, also made for the
chemical industry.  Fig. 1 contained some phos-
phorus, visibie as phosphide cutectic. Fig 2 ix more
homogenvous and mechunically stronger than those
having mixed structures. If the earbon is over the
eutectic value, the graphite is apt to be coarse and
diminishes in size and quantity as the carbon falls
below the cutectic. In the respects refirred to,
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soundness and homogeneity, it is much more impor-
tant for the user to choose a good foundry than to
set up u specifi :ation.

In 1928 the B.S.L. issued a general specification,
No. 321, for iron castings, covering two grades,
A and C, neither of which has high mechanicai
strength, 9 to 12 tons per sq. in., but which serve
the user of the ordinary types of castings. The
testing clauses of this specification are novel, and
can and should »e applied to any specification
for castings of better mechanical quality than are
provided for in the specification 321 itself. For
straightforward engineering castings, large or small,
there is little difficulty in obtaining tensile strengths

clastic modulus in a simple way3 The Brinell
hardness is an occasionally uscful figure, but it
has no clearl, defined relation to mechanical strength
of any kind, to resistance to abrasive wear or cven
to machinability, and hence its use is limited. The
mechanical strength of ordinary cast iron at atmos-
pheric temperatures is maintained and in many cases
increased up to 450° (., and then it falls slowly as
temperature is {further increased. For data on
strength at clevated temperatures and thermal
vonductivity, pupers by Donaldson may he consulted.t
To facilitatc the production of good castings, it is
streigly recommended  that designs be discussed
with the foundry and pattern shop, or that the founder

X 200 etehed
Fia. 1
Caat iron showing pearlite, ferrite, and graphite

of 15 or even 18 tons per sq. in. In general, it
suffices to specify mechanical properties, and only
in special cases is it necessary to specify contposition.

The strength of cast iron is usually obtained in
transverse, and the author recommends that this be
expressed as a specific rupture stress, caleulated
from the usual beam formuln.2  This stress is usually
about 1:8 to 2 times the tensile strength. The
compression strength is usually about 4 tunes the
tensile.  The clastic modulus is not easy to obtain
in the ordinury way, as the deflection under load
not only increases with but at a greater rate than
load~this, indeed, being o valuable feature of cast
iron and calculated to enable it to resist shock or
impact better than a truly brittle naterial. The
suthor has suggested a method for obtaining the
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X 200 etched
Fia. 2
Cast iron showing pearlitc and graphile

he asked for suggestions which would improve the
castability before manufacture.

The most striking advances in the production of
strong irons have come about by reduction of the
size and quantity of graphite. To nuintain a
rearlitic structure, the graphite content can at present
e best attained hy using a low total carbon. The
precise figure required is governed by the silicon
content. for a given sc-tion of casting.  Several
methods of achieving this are availnble, but essentially
the principle is to cast an iron o that it would be
white when poured and then to mnke it grey by o
ladle addition of n graphitizing materinl. The
graphite produeed in this way is smaller than that
normally attained. One such process, due to and
patented by the International Nickel C'o., Ltd.,




pon LATEN YL BRI Y Dl KL T Kb R T AR O L

makes use of nickel and ferro-silicon as a ladle addition,
and such an iron, commercially made. gave the
following results on test :

Analyxis

o’

0
Total earbon . . 2.70
Nilieon 1-47
Mungatese €08
Sulphur 0-13
Phosphorus . 0-16
Nichel 095

Mechawical tests un 120, bur
Tensile strength

28-7 tonsisq. in,
Trans versc¢ strength

-0 tons sy, in,

Deflection, 18.in, ventres 035 in.
Brinell hardness 297

Jmnpuct strength 2856 blows
Transverse strength . 3040 '

The impact strength is 10 times that required to
break an iron of cylinder quality, say 15 tons per
sq. in. tensile. It is taken on 2 Stanton-type test
piece with rounded notch. Fig. 3 gives the structure,
pearlite-graphite, of this high-quality iron. Another
process employs calcium silicide as the ladle addition,
and the metal is known as Mechanite. A tensile
strongth of 24 tons per sq. in. with a Brinell hardness
of 227 has been recently published for this material.

» 200 etehed
Fia. 3
bigh dnty iron showing pearlite and graphite

A word of eaution ix required ubout specifying
these high-duty irons.  They are mare diflienlt to
cast, for they have a higher melting temperature,
a shorter fluid range, amd greater shrinkage thun
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ordinury cast irons, and it does not follow that any
and every casting can be made in them. The
necessity for securing varied thicknesses in one piece
forins the very raison d'étre of the average casting,
and the design and size often compel the use of a
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Effect of silicon un corrosion-resistance in normal H,S0,

composition permitting a greater degree of cast-
ability. Where the high-duty irons can he used,
custings  should be designed” so that the fullest
advantage is taken of the higher specifie streagth.

Space does not permit more than passing reference
to heat-treated cast irons, a process that is extending
its application : annealing is frequently used, both
to relieve custing siresses or to soften an unduly
hard or white iron. In the production of malleable
iron, white casting.. are annealed for o prolonged
period.  For malleahle cast irons two B.S.I. speeific-
ations are now available, IN927 for whitcheart
and 310/1927 for blackheart,

The question of abrasive wear is important. So
far as lubricated conditions (as in engine cylinders)
are concerned, it has boen shown3 that corrosion is a
material factor in abrasive wear. Even under dry
conditions the abmded material is so fine that it
readily oxidizes and remains on the weoring surface
ns o grinding paste.  For best rosistance to dry
abrasive wear, it is generally aceepted that the
wearing parts should he fully pearlitic with & minimum
difference in Brinell hardness.  Wear increnses as
this difference increases. For crushing or grinding,
specinl alloys are required. A recent development in
bardening the surface of east. iron is that of nitriding,
#hich ennbles Brinell hurdness figures up to N0 to
he obtained.  Without going into the question of
graphite size too closely, there are, broadly, three
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sizes to be distingmished. The coarse graphite illus-
trated in Fig. 1 may be contrasted with the extremely
fine or supercooled type of graphite in Fig. 6, for
although this illustration refers to a high silicon iron,
the supercooled type of graphite can sometimes be
seen in the normal cast irons, although it is not
common. Intermediate between these two is the
size approximately shown in Fig. 3. These illustra-
tions are only approximate because graphite size
will vary with rate of cooling and other factors
as well as composition, and differ in different parts of
the same casting. From the point of view of
mechanical strength and abrasive wear, however,
this intermediate size is most satisfactory, and we
shall see that the same remark applies to corrosion
resistance.

Striking improvements in soundness, uniformity of
strength and structure as between thick and thin
sections and as between the centre and edge of a
thick section, and increased strengths have been
obtained by the use of alloy additions to cast iron,
particularly nickel, chromium, and molybdenum in
small quantities. The irons under these conditions
remain peatlitic. The compositions are balanced,
modifications being made to the basis composition
to suit the additions. More extended reference to

X 200 etched
F10.5
Niresisl austenitic cast iron

the effect of such additions on corrosion and heat-
resistance in made below. Broadly speaking, any-
thing which contributes to the strength, soundness,
and homogencity of cast iron also improves its

e
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resistance to corrosion and heat, but there are
sufficient exceptions to this general rule to make it
impossible to treat these properties in one groud.
Some measure of repetition is therefore unavoidable.

X 200 etched
Fia. 6
Silal heat-resisting cast iron

CORROSION RESISTANCE

All ferrous materials are liable to corrode, but
discussion of this poiut often obscures the fact that
cast iron normally offers excellent resistance com-
pered with other ferrous materials not specifically
manufactured to resist corrosion. In general, where
cast iron is not at least as good, it offers better
resistance than steel, as, for instance, to dilute and
strong acids and alkalis. Cast-iron pipes have been
known tc iast over a century, and the author was
once asked to provide data for an iron which would
give a longer life than one which, after eighty years’
working as a pipe line, under pressure and buried in
soil, showed occasional patches of corrosion. Those
interested in the general question can with advantage
consult the work of Fricnd.® For 18 years past
a Committee of the Institution of Civil Engineers
hes Leen studying the deterioration of structures in
sea water. Two samples, of hot-blast and cold-blast
iron respectively, were included in the tests, and
the results bear out the remarkable resistance of
cast iror. and confirm the general conclusion given
above. An elaborate series of studies of s0il corrosion
has been made over a period of 10 years by the
Bureau of Standards, from which again cast iron
emerges very satisfactorily. Cast iron sometimes
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cprrodes upder circumetances’ whioch prevent the
removal of oxidation products. The ferrite snd
pearlite are dissolved, leaviug the oxidation products
in place held together by interlaciug strands of
graphite, the shape being retained when other ferrous
metals would have completely disintegrated. The
metal under these conditions can be readily cut with
a knife, and is sometimes said to have suffered from
“ graphititis,” or graphitic decay.

The resistance of cast iron to acids and. alkalis is
now well known, hoth from laboratory tests and
large-scala trials, and it is not necessary to recapitulate
the data here. Corrosion tests are made in many
laboratories, but it is well known that results are
not always borne out in large-scale operation. The
author uses simple corrosion tests, complete immur-
sion, partia! immersion, or alternate wet and dry
tests, mainly as a m2ans of sclecting materials which
would repay further tests on a larger scale. In
chemical work the presence of even slight impurities
in the medium, or differences in concentration,
will cause marked differences in behaviour ir large-
scale as compared with laboratory operation.
Simple exploratory tests could with advantage he
standardized, leaving other tests to imitate practical
conditions «s closely is possible. The difficulty of
absorbing a multitude of corrosion results, involving
different concentrations, temperatures, and media,
is diminished in Germany by grouping results as
follows, a practice which might well be generally
adopted, although as yet differences in test pro-
cedure makes comparison difficult between different
laboratories.

Loss in weight, Resistance
gm./sq. metre/hour
Below 0-1 ... . Completely reaistant
0-1tol-0 ... . Satisfactorily resistant
1:0t03-0 ... . Fairly resistant
3-9 to 10-0 . Slightly resistant
Above 10°0 . Non.resistant

Soundness and homogeneity of the casting arc of
great importance in increasing resistance to both
corrosive and thermal attack, as the graphite cavities
present channels for the admission of the corrosive
and heating media. The extremely fine form of
geaphite (Fig. 6) seems, at any rate in some medis,
more lisble to corrosion than flake graphite, although
extreviely course graphite i not recommended.

The influence of elements of composition cannot be
simply staied, because a number of elements exert
more than one effect. Thus silicon softens the metal
by virtue of its effect in breaking down cementite to
ferritc und graphite, so that ipcreasing silicon is
sccompanied usually by increasing graphite. Intrin-
sicslly however, silicon hardens and embrittles the
metal, as is seen most completely in the case of the
high silicon irons. C. Rowley, in the laboratorics of
the British Cast- Iron Research Amsociation, has
studied the cffect of silicon, in samplea of which the
graphite sizse was kept reasonsbly constant. Fig. 4
shows that silicon reduces corrosion against acids,
and the curves may be extrapolated to show that the
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corrosion is negligible at about 149, silicon, which
would be expected. Intrinsically therefore, the
element Lehaves consistently. Silicon appeers to
diminish corrosion-resistance to alkali, which needs a
low curbon, low silicon, low phosphorous material,
yet grey and free from carbides. Mangancse and
sulphur do not have a very great effect on corrosion
of cast iron in the smounts normally present The
increased use of scrap has tunded to raise the amount
of sulphur normally present, and by the use of sods
ash it has been found possible to reduce the amount
of sulphur by, roughly, 50%. Manganese and sulphur
oxist mainly as an inclusion of manganese sulphide.
Phosphorus does not materially affect the corrosion-
resistance towards acids, but the resistance is lowered
in the presence of alkalis, and hence a hematite iron
is preferred for caustic pots.

Marked improvement in corrosion-resistance has
been found by using low-alloy additions to cast iron,
especially nickel. Used under proper conditions of 2
balanced composition, the silicon being modified 1n
ratios now well understood by metallurgists, the
improvement due to nickel is doubtless brought about
in part by increased soundness and homogeneity.
Chromium does not of itself improve corrosion-resist-
ance to H,80,; in fact, it makes it worse. Nickel
and chromium together, however, can be employed in
such proportions as to render unne-essary any alter-
ation to the silicon content, and under these conditions
there is no objection to the use of chromium. The
metal is fully pearlitic. Chromjum present in small
quaniities euters purtly into solution and partly
forms a carbide. The Ilatter is detrimental to
CcOTTOSION-Tesistance.

The figures given below will illustrate the point,
aithough the nickdl in the thipd iron is not quite
enough to give & halanced comporition. The iron
waa of good engintering quality, and the test was
taken in noemal H,80,.

Losa in
g, ). metre, hour
Ordinary iron ... - 65
Same with 0-739; chroniium {1
Saine with 0-89 nickel and
0-5%, chromiom . 42

For applications where strong, machinable irons are
required, of greater resistance than numial, these
low-alloy irons offer considerable advantage. Perckke
and Popova’ concluded that for caustic pots ironz
containing nickel, chromium, or nickel-chromiuxn up
to 129, should be used, and regard the presence of
nickel as ensential. In considering all these sdditions,
increased cont should be consilered in relation to
increased life.

The acid-resisting high silicon 1rons have been used
for 30 years in the chemical industry. This material
is extraordinarily resistant to many acids, alkalis
and salts, being perhaps the best all-round acid-
tesisting fesrous materis!, but suffers from brittleness,
and it is 8 very difficult material to cust sound. For
these reasons many attempta have been made,
especially in Germany cnd US.A,, to improve it,
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but without marked success. The material, in fuct,
has not undergone substantial change. At the same
time, improvements in foundry technique have been
made, and the metal is now made more sound than
formerly, It is well known that the resistance of the
high silicon alloys increases slowly to ahout 129
silicon, when a sudden increase takes place, and there
does not appear to he any advantsge in increasing
this figure over about 16%,. The castings are usually
subjected to a Jow-temperature heat-treatment before
use. For reasons which will be apparent later, the
high silicon irons also rerist heat. Tests on Ironac
have shown practically negligible loases after boiling
in H,80, (65% and 20%) and HNC, (90%, and 20%,)
at 100° (. for 72 hours, and equatly small losses in
mixed acid, 65%, H,80,, 29, HNO,, and 33%, water.
Exposure of the sane iron, weighing about §) gm.,
to H,5S0, for 30 days at 15° C. showed a loss of
0-73 mgm. per sq. cm. for 50% H,S0, 0-68 mg.
per 8q. cm. for 70% H,80,, 0-58 mg. per sq. cm.
for 70%, H,80, at 120° C.

The latest contribution to the corrosion problem is
that of the nickel-bearing austenitic cast irons, of
which two are commercially available, Niresiat,
developed by the International Nickel Cu,, Ltd., and
Nicrosilal, developed and patented (British Pstent
378,508) by the British Cast Iron Research Associx-
tion. These alloys offer great advantages in that
they can be made extremely soft (Brinell 120 to 140).
They are essily machinable and take # high finish,
but arc stronger and tougher than the grey iron
and harden vnder cold work. They can be made
harder by increasing the chromium contents. They
make admirable castings, and tave beer widely used
with marked success. As will be indicated below,
they are also highly heat-resistant and non-magnetic,
as well ax corrosion-resistant. "hey huve z higher
coefficient of thermal expansion than ordinary irons,
1-8 X 10" ¥ compased with 1-4 X 10- 3 for pearlitic
irons, and a mther fower thermal conductivity, these
heing governed by the austanitic structire. They
have the great advantage of being comparatively
du tile, having elongations in the cold of the order of
207 to 4%,. They are roughly 2 to 200 times as
resistant as ordinary cast iron to corrosion, according
to the medium, and rcompare in revistance with
phosphor bronze. They are also considerably more
resistant to «rcuion than ordinsry cast iruns.

Nireaint corisins approximately 149, nickel, 6%
chromium, and 59, copper. Nicrosilul is » develop-
ment of the iron Silul referred to below, and contains
about 6%, silicon, 189, nickel, and 2% chromium.
The constitnents can be varied in both irons to
meet the requircmentz of particular cases. The
cathon content of thewe slloys varies between 1-89/
and 3%.

The following figures, taken in the B.C.LR.A.
Iaboratoties, will give some idea of relntive resistances,

Lcsa in weight per unit ares in unit time
N-H,50, NeHC N*HNoO,

Ornlinary grey iron 28 1 218
Hematite k0| 2353 284
Nirvesist .. 2-8 1-5 214
Nicromls! 1-8 1-6 ie3

I I T R L P o E S TP VI ST ST P V.-

and a good deal of information 13 now available on
this point,

The microstructure is shown in Fig. 5 and is of
Niresist.

HEAT RESISTANCE

All irons and steels are liable to oxidation or
scaling at clevated temperatuses. Cast irons con-
taining no graphite, such &s the white irons, behave
like the steels, but grey irons, containing grsphite,
are liable, in addition, to growth, to an actusl increase
in dimensions. The growth usually takes piace in
two stages: fimt, the iron carbide breaks down to
iron and graphite, which may involve a 29, increase
in volume., Secondly, the iron itself oxidizes, and
this causes a still larger volume increase. The mode
of breakdown is ax follows: Oxidizing gases pene-
trate the graphite cavities and oxidize the iron in
the neighbourhood. The volume increase sets up
& stress resulting sooner or later in a fine crack,
which opens a further channel to attack. The process
continues until the cacting is honeycombed with
cracks, which appear, for example, on the working
face of an ingot mould or retort as crocodile markings.
The growth of an iron is greater at a given temperature
if the total carbon, and hence the graphite, is greater,
and within limits, if the silicon is greater, since it
provokes the formation of graphite. Silicon in
solution in cast iron, however, intrinsically cor.fers
resistance to growth, and this fact was made use of
by the B.C.LLR.A. in developing Silal heat-resisting
cast iron (British Patent 323,076). This iron ususlly
contains 49, to 6%, silicon, and hence contains no
carbide to hreak down. The graphite can be made
in a very fine state of division, and the silicon actually
makes the body of the metal more resistant to
oxidation, and hence growth. Also the silicon raises
the critical point of the metal above that of the
ordinary cast irons. All peatlitic and ferritic cast
irons pess through a critical change at about 760° C.,,
at which graphite dissolves, followed hy a contraction
in volurre. The metal then hecomes austenitic.
This change fixex un upper limit of temperature for
the use of gmy irons. By silicon additions the
change can he raised to 1000° €. Nickel, chromium,
and copper can be used to depress this temperature
to ntmospheric, and hence irons austenitic in the
cold suffer no change of this kind. Asx many
industrial proceszes involve heating up to about
700° (., the effect of silicon in raising the tompera-
ture of the critical change, which is accompanied hy
1 volume change, i very impottant practically.

The microstructure of Silal ix shown in Fig. 6,
consisting of fine graphite flakes in ferrite. Silal is
rather more brittle than ordinary grey iroms. It
should be noted that the meiting point of all these
irons, peatlitic or austenitic, is much the same.
Aluminium can be and has been used in Silal, but
it is found difficult to incorporate ahiminium into
ferrous castings without loss of mechanical strength,
probably due to the ready oxidation of aluminium.
From the heat-resisting point of view it is & valuable
addition, particularly agsinst sulphur attack. Silal,
Nicrosilal, and Niresist retain strengths at high
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temperatures to a much greater extent than ordina
cast irons and steels, and are much more rigid.
Independent tests have shown that they retain at
800° €. about one-third of their tensile strength at
atmospheric temperature. Tests in the B.C.LR.A,
laboratories have shown the rigidity of these irons
at 850° C. A high-quality grey cast iron deflected
1-9 in. under load in four days. Silal deflected
0-32 in. and Nicrosilal 0-08 in. under the same
conditions.

It will be seen that there are, broadly, two methods
of making an iron heat-resistant. It is practicable to
postpone carbide breakdown as long as possible by
using irons fow in silicon and/or carbon, or by using
alloy additions of carbide-stabilizing and carbide-
forming elements such as chromium. Ultimately,
if the silicon and carbon are low enough, or chromium
high enough, a white iron is produced. White irons
are strongly resistant to heat and are frequently used
in practice, but for many purposes t.ieir hrittleness
and lack of machirability are handicaps. The second
method is, as in Sila), to arrange for the metal to he
ferritic #ith fine graphite, with a high silicon matrix.
Add* .uns which contribute to soundness also con-
trivute to heat-resistance, such as irons in which
part of the silicon i3 replaced by nickel. Thus the
low nickel and chromium alloyed irons have a sphere
of uszfulness for heat s for cotrosion-resistance. In
ordinary grey irons phosphorus is often present.  The
hard phosphide eutectic makes the metal more rigid
up to about 960° .. when the eatectic melts, causing
the metal to collapse. Phosphoric irons should
therefore be used well within this temperature.

The anstenitic irons Niresist and Nicrosilal are
excellent heat-resisters, having, compared with Silal,
the added advantages of tonghness and duciility
as well as greater resistance to scaling and growth.
The growth, is:-leed, of these alloys is almost negligible.
When cast in the white state and subjected to a
simple short snnealing, Nicrosilal has an elongation
comparable with that of malleable cast iron. Inglis®
gives the following summary :

Temp. at  Temp. at Recom.
which which mended

sctious  appreciable  maximum
deterioration  scaling  for practiral
usc

om,x‘m occurs
{(grovth aml
sealing)
*C. “C. *C.

Ordinary -sat iron.... SO0 0 450
Peaslitic cast iron .... 65) 00 5
i% chromium cast

iron 750 N (LA
Silal (6—109 8i).... 900 500 750
Nicrosilal snd similar  no change 900 950

chiomiumard o to
h‘.‘nit:kol - chromium u';oo
casl irons

Finally, it is necessary to refer to the high chromium
irons. The iron-chromium alloys up to 139
chromium are very resistant to corrosion and formed
the early atainleas steels. The addition of carhon,
casentinl in & cast metal, reduces this resistance to

P -

eorrosivn on account of the carbon forming chromium
carbide This drawback can be overcome by
increasiag the chromium content, and castable alloys
can be made with carbons varying from 1%, to 3%,
with akout 35Y, ‘chromium, all true cast irons.
While nct so resistant, generally, as the high silicon
irons, the y dc offer better corrosion-resistance than
any othe- type of cast iron, and are also highly
resistant : o heat up to about 1100° C. The tensile
strength i twice that of ordinary grey iron, without
elongation and it is maintained up to 500° C. The
higher the ~arbon the harder these alloys hecome, and
for a macainahle material should nct exceed 19,
or thereabo its.

It is now generally accepted, and confirmation has
heen obtain:d in this country, in US.A. and Ger-
many, that these high chromium irons offer good
resistance tc sulphur and sulphurous gases, H,8,
80,, and S0, A recent paper® gives results ¢n
resistance of onie thirty ferrous materials to gaseous
H,S. A Niresist iron had resistance superior to all
other materials tested, except the chrome and chrome-
nickel steels. The high chrome irons were not tested.
Plain cast iron corroded three to four times as fast.

The variety of working conditions to be met
neccssitates cach case heing treated on its merits,
and in this cor nexion memhers of the B.C.LR.A.
are alway= able vo obtsin advice on the most suitable
materials to use ‘or a given service.

CONCLUSION

Considerations »f space have prevented presentation
of more than a sn all proportion of the data available
on cast-iron deve:opments, but it is hoped that the
brief survey givea above will assist in the better
application of cast irons to the chemical industry,
both those already, well known and the more recent
advances. .
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